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Background Any association between occupation and pancreatic cancer risk has not been
conclusively demonstrated. A population-based case-control study was conducted to examine
occupational risks of pancreatic cancer in Shanghai, China.
Methods The study included 451 pancreatic cancer patients newly diagnosed in 1990–1993
and 1,552 controls randomly selected from Shanghai residents. Information on a lifetime job
history and other factors was obtained in a face-to-face interview.
ResultsAmong men, an increased risk of pancreatic cancer was associated with employment
as an electrician (OR5 7.5, CI 5 2.6–21.8), and a positive trend in risk with increasing
duration of employment was apparent (P for trend5 0.0003). Exposure to electric magnetic
fields (EMF) as measured by a job exposure matrix also was associated with an increased risk
among electricians. Threefold risks were observed for men with the highest level of intensity
and for those with the highest probability of EMF exposure, although women with heavy EMF
exposure did not experience increased risk. Among men, elevated risks also were found for
metal workers (OR5 2.1, CI 5 1.0–4.8); toolmakers (OR5 3.4, CI 5 1.4–7.1); plumbers
and welders (OR5 3.0, CI 5 1.2–7.5); and glass manufacturers, potters, painters, and
construction workers (OR5 2.6, CI5 1.1–6.3). Among women, textile workers experienced
an increased risk (OR5 1.4, CI5 0.8–2.6).
ConclusionsOur results suggest that occupations associated with exposures to metal and
textile dusts or certain chemicals may increase the risk of pancreatic cancer. The elevated risk
among electricians may warrant further study to evaluate the possible role of EMF or other
exposures.Am. J. Ind. Med. 35:76–81, 1999.Published 1999 Wiley-Liss, Inc.†
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INTRODUCTION

Pancreatic cancer is a rapidly fatal malignancy. The
etiology of the disease is largely unknown, except for
smoking, which has been consistently associated with risk of

pancreatic cancer [IARC, 1986; Howe et al., 1991; Silver-
man et al., 1994]. Excess risks of pancreatic cancer have
been noted among workers in numerous epidemiologic
studies, but the evidence linking work-related exposures to
this malignancy is inconsistent [Mack et al., 1985; Anderson
et al., 1996]. At least 40 industries and/or occupations have
been reported to be related to pancreatic cancer risks in
different areas and countries [Partanen et al., 1994], with the
most frequently reported excesses in the chemical and
petroleum industries and in metallurgy workers [Pietri and
Clavel, 1991].

A large population-based case-control study conducted
in Shanghai provided an opportunity to assess risk of
pancreatic cancer among workers in Shanghai. In previously
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published papers from this study, we have reported that
elevated risks for pancreatic cancer were associated with
cigarette smoking [Ji et al., 1995a], infrequent consumption
of fresh vegetables and fruits [Ji et al., 1995b], and
increasing number of pregnancies or live births [Ji et al.,
1996]. In this report, we present the risks of pancreatic
cancer associated with usual occupation and specific expo-
sures as determined by a job exposure matrix (JEM).

MATERIALS AND METHODS

Methods used to conduct this population-based case-
control study of gastrointestinal cancers (pancreas, esopha-
gus, colon, and rectum) have been described in detail
elsewhere [Ji et al., 1995a]. Briefly, all eligible pancreatic
cancer patients who were aged 30–74 years and newly
diagnosed between October 1, 1990, and June 30, 1993,
were identified through a rapid reporting system established
by Shanghai Cancer Registry. Of the 577 eligible patients,
451 (78.2%) were interviewed. Study cases were confirmed
by histopathology (37%), surgery with gross but not micro-
scopic pathology (20%), or computed tomography scan/
ultrasound (43%). We excluded 109 cases who died before
the interview could be conducted, 11 who could not be
located, and 6 who refused an interview.

Controls were randomly selected from residents of
urban Shanghai and frequency-matched to the expected age
(5-year categories) and gender distribution of incident
pancreatic cancer cases and cases of three other gastrointes-
tinal malignancies included in the overall study. Of the 1,552
controls eligible for study, 84.5% agreed to participate. For
those who moved away or refused participation (n5 240),
we obtained an interview from an alternate.

Each subject was interviewed in person by a trained
interviewer, using a structured questionnaire to elicit infor-
mation on demographic and residential characteristics, diet,
cigarette smoking, alcohol, and other beverage consump-
tion, medical history and family cancer history, physical
activity and lifetime occupational history. Each job title was
coded by a 3-digit number according to the standardized
coding scheme developed for the data of the Third National
Census in 1982 [National Bureau of Statistics, 1982]. The
risk of pancreatic cancer was estimated for the usual
occupation (i.e., longest held occupation). For analytic
purposes, job titles were initially examined based on 2-digit
subcategories, then risks were estimated for all three-digit
subcategories in which there were sufficient number of
subjects for analysis. Risks for certain high-risk occupations
were further assessed by estimation of risk by duration of
employment.

Four job exposure matrices (JEMs) were available for
analysis of risk by specific work-related exposures in this
population (i.e., pesticides, electromagnetic fields [EMF],
benzene, and solvents), with indices of intensity and probabil-

ity. Each 3-digit occupation and industry code was scored
according to level (i.e., 05 none, 15 low, 25 medium, and
3 5 high) of exposure to each of these four occupational
hazards. Average lifetime cumulative scores of intensity and
probability of exposure were calculated by dividing lifetime
cumulative measures from the JEM by total years of
exposure for each individual. The final scores were re-
categorized into four levels (i.e., none5 0, low 5 1–2,
medium5 3–5, high5 6–9) [Dosemeci et al., 1989].

Odds ratios (ORs) and 95% confidence intervals (CIs)
were estimated by unconditional logistic regression. Categori-
cal variables for JEM scores and duration of employment in
high-risk occupations were entered as continuous variables
in the logistic regression models to test for linear trend.
Since there were very different distributions of occupations
held between men and women, the ORs were calculated
separately for each. The following potential confounders
were included in the models: age, education, per capita
familial income, cigarette smoking, and other high-risk
occupations. Other risk factors previously reported, such as
dietary factors (fresh vegetables and fruits), number of
pregnancies and live births, and body mass index [Ji et al.,
1995, 1996], were also included in the analyses, but the
associations with occupations and EMF exposure were not
altered materially after adjustment for these risk factors.

RESULTS

Compared with controls, patients tended to be older
(median age of 63 years for cases vs. 62 years for controls
among men and 65 years vs. 61 years among women), to
have higher monthly income (median family per capita
income [yuan/month] was 43 vs. 39 among men and 43 vs.
34 among women), and to be more educated (16.3% of cases
v. 14.6% of controls with 131 years of schooling among
men and 8.6% vs. 6.3% among women). In addition, more
cases were smokers than controls (74% vs. 66% among men
and 18% vs. 13% among women) (data not shown).

A significant excess risk of pancreatic cancer was
associated with employment as an electrical fitter and related
electrical and electronic worker (OR5 6.2, CI5 2.4–16.4)
among men (Table I), and the OR was 7.5 (CI5 2.6–21.8)
among men who worked as an electrician per se. Excess
risks also were found among men who were employed as a
toolmaker (OR5 3.2, CI5 1.4–7.1); metal worker (OR5
2.1, CI 5 1.0–4.8); plumber and welder (OR5 3.0, CI 5
1.2–7.5); and glass manufacturer, potter, painter, and con-
struction worker (mostly exposed to dusts) (OR5 2.6, CI5
1.1–6.3) (Table I). Non-significant excesses among men
were observed for teachers, cooks, and dockyard workers
and freight handlers. No statistically significant ORs were
observed among women, but elevations were observed
among economists and financial planners; rubber workers;
textile workers; toolmakers; plumbers and welders; dock-
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yard workers and freight handlers; and inspectors and
product analysts.

Trends by duration of employment are shown in Table II.
Among men, a significant trend in risk with increasing of
years of employment as an electrician was apparent (P 5
0.0003). Compared to non-electricians, the ORs were 6.3
(CI 5 1.6–25.4) and 9.3 (CI5 2.0–43.8) for those who
worked ,35 and 351 years. Duration-response relation-
ships also were found for metal workers; toolmakers;
plumbers and welders; and glass manufacturers, potters, and
construction workers, but the trends for metal workers, and
plumbers and welders were not statistically significant.
Among women, consistent, but not significant, dose-
response relationships were observed for workers employed
as economists and financial planners, textile workers, inspec-
tors, and product analysts.

To further examine the association between electrical
workers and risk of pancreatic cancer, a JEM for EMF
exposure was examined. Significant trends in risk by
intensity and probability of JEM-EMF exposure were appar-
ent for male electrical workers (Table III). A threefold risk
was associated with high intensity (OR5 3.3, CI5 1.4–7.9)
and with high probability of exposure to EMF (OR5 2.6,

CI 5 1.2–5.4). No association was found with EMF
exposure among women, however. Other exposures based
on JEM scores to pesticides, benzene, and solvents were not
linked to risks of pancreatic cancer among either men or
women in our study.

DISCUSSION

Our case-control study is the first to evaluate the
relationship between occupation and pancreatic cancer risk
in China. Among men, increased risks of pancreatic cancer
were seen for electricians; metal workers; toolmakers;
plumbers and welders; and glass manufacturers, potters,
painters, and construction workers. Among women, elevated
risks were observed for textile workers and economists and
financial planners.

The most consistent finding in our study was the
positive association between employment as an electrician
and pancreatic cancer. Over a 7-fold overall risk was
observed and the OR rose to 9.3 for subjects with more than
35 years of employment among men. In addition, intensity
and probability of EMF exposure, as estimated by a JEM,
were associated with risk. However, no such consistent

TABLE I. Odds Ratios (ORs) and 95% Confidence Intervals (CIs) for Pancreatic Cancer by Selected Occupational Subcategories and Sex, Shanghai,
China, 1990–1993*

Occupation (code)

Men Women

Case/control

(260/845) OR (95% CI)

Case/control

(186/696) OR (95% CI)

Technician (031-049) 10/28 1.5 (0.6–4.0) 2/7 1.5 (0.3–8.2)

Economist and financial planner (091-099) 13/60 0.9 (0.4–2.2) 9/35 1.9 (0.8–4.5)

Teacher (111-119) 12/32 1.8 (0.7–4.4) 6/40 0.7 (0.3–2.0)

Salesperson, shop assistant (411-499) 12/45 1.2 (0.5–2.9) 6/24 1.2 (0.4–3.5)

Cook (530) 8/11 2.3 (0.6–8.5) 3/19 0.6 (0.1–2.7)

Metal worker (721-729) 12/34 2.1 (1.0–4.8) 2/11 0.9 (0.2–4.6)

Chemical and rubber worker (731-749) 1/17 0a 5/14 1.4 (0.4–4.7)

Rubber worker (741-749) 0/7 0a 5/10 1.7 (0.5–5.8)

Textile worker (751-759) 4/26 0.4 (0.1–1.7) 26/71 1.4 (0.8–2.6)

Printer or related worker (821-829) 4/5 5.2 (1.1–25.0) 0/4 0a

Blacksmith, toolmaker, and machine-tool operator (841-849) 22/46 2.0 (1.0–4.0) 6/17 1.8 (0.6–5.3)

Toolmaker (842) 16/22 3.2 (1.4–7.1) 2/0 a

Electrical fitter and related electrical and electronic worker (861-869) 12/16 6.2 (2.4–16.4) 2/17 0.5 (0.1–2.6)

Electrician (864) 11/11 7.5 (2.6–21.8) 0/3 0a

Plumber, welder (881-884) 10/19 3.0 (1.2–7.5) 4/9 1.8 (0.5–6.4)

Glass manufacturer, potter, and construction worker (891-929) 10/28 2.6 (1.1–6.3) 4/28 0.6 (0.2–1.9)

Dockyard worker and freight handler (941-949) 13/47 1.6 (0.7–3.7) 6/13 2.0 (0.7–5.9)

Transportation equipment operator (951-959) 10/33 1.1 (0.4–2.9) 3/13 0.9 (0.2–3.5)

Inspector and product analyst (961-964) 1/16 0a 7/19 1.6 (0.6–4.5)

*Odds ratios adjusted for age, education, income, cigarette smoking, and other occupations.
aInsufficient number of subjects.
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excesses were found among women because of the small
number of female cases who were electrical and electronic
workers or exposed to high level of EMF. Electrical or
electronic worker was the most frequent job category among
those with high intensity of EMF exposure (24 of 28
exposed men and 14 of 15 exposed women had at least one

job related to electrical or electronic work). A possible
explanation for the increased risk among electricians may be
related to EMF exposures, although other exposures related
to electrical machinery manufacturing are possible, such as
solvents, solder fumes, and cutting oils. Few previous
studies have reported an elevated risk of pancreatic cancer
for electrical workers. One epidemiologic study based on a
cancer surveillance data in Los Angeles has shown an excess
risk for workers in electrical machinery equipment manufac-
tory industries cross over both men and women [Mack and
Paganini-Hill, 1981]. The incidence ratios of observed cases
to the expected cases were 167 for white men and 216 for
white women among workers in electrical machinery equip-
ment manufactory industries. Another mortality study in
Illinois showed that a 4-fold excess in risk was related to
electric light and power, utilities, sanitary services and
manufacturing, electrical machinery equipment and supplies
among white men, and no data were available for women in
this study [Mallin et al., 1986]. A historical cohort mortality
study conducted in Canada had an excess mortality from
pancreatic cancer among male workers employed at a
transformer manufacturing plant, with over 7-fold excess of
SMR among those who worked with this job for more than 6
months [Yassi et al., 1994]. The excess incidence also was
found among electrical workers in another cohort study in
Norway [Tynes et al., 1992]. The standardized incidence
ratio for pancreatic cancer was 1.19 among electrical
workers, and only male data were available in this study. A
small risk (RR5 1.3) was detected among electric light and
power industry employees in the U.S. veterans cohort

TABLE II. Odds Ratios (ORs) and 95% Confidence Intervals (CIs) for
Pancreatic Cancer by Working Years of Selected Occupational
Subcategories Among Men and Women, Shanghai, China, 1990–1993*

Occupation (code)

Years of working
P for

trend0 F35 351

Men

Metal worker (721-729)

Ca/Co 248/811 7/27 5/7

OR (CI) 1.0 1.8 (0.7–4.7) 3.1 (0.8–11.5) 0.06

Toolmaker (842)

Ca/Co 244/842 10/10 6/12

OR (CI) 1.0 3.2 (1.1–9.3) 3.1 (1.0–9.4) 0.01

Plumber, welder (881-

884)

Ca/Co 250/826 7/13 3/6

OR (CI) 1.0 3.6 (1.2–10.4) 2.1 (0.5–9.5) 0.06

Glass manufacturer,

potter, and construc-

tion worker (891-929)

Ca/Co 250/817 7/18 3/10

OR (CI) 1.0 2.5 (0.9–6.8) 3.0 (0.7–13.8) 0.04

Electrician (864)

Ca/Co 249/834 6/6 5/5

OR (CI) 1.0 6.3 (1.6–25.4) 9.3 (2.0–43.8) 0.0003

Occupation (code)

Years of working
P for

trend0 F25 251

Women

Economists and financial

planner (091-099)

Ca/Co 177/661 3/17 6/18

OR (CI) 1.0 1.6 (0.4–6.4) 2.0 (0.7–5.8) 0.19

Textile worker (751-759)

Ca/Co 160/625 11/22 15/49

OR (CI) 1.0 2.3 (0.9–5.5) 1.1 (0.6–2.3) 0.47

Inspector and product

analyst (961-964)

Ca/Co 179/677 3/14 4/5

OR (CI) 1.0 1.0 (0.3–4.0) 3.3 (0.7–15.2) 0.21

*Odds ratios adjusted for age, education, income, cigarette smoking, and other occupations.
Ca 5 number of cases; Co 5 number of controls.

TABLE III. Odds Ratios (ORs) and 95% Confidence Intervals (CIs) for
Pancreatic Cancer in Relation to Average Job Exposure to EMF Among
Men and Women, Shanghai, China, 1990–1993*

JEM scorea

Men Women

Case/control OR (95% CI) Case/control OR (95% CI)

Intensity

None 125/414 1.0 111/398 1.0

Low 113/392 1.0 (0.7–1.4) 69/270 0.9 (0.6–1.4)

Medium 12/21 1.5 (0.6–3.7) 4/15 1.2 (0.4–3.7)

High 10/18 3.3 (1.4–7.9) 2/13 0.3 (0.04–2.8)

(P for trend) P 5 0.05 P 5 0.42

Probability

None 125/412 1.0 111/398 1.0

Low 100/346 1.0 (0.7–1.4) 62/249 0.9 (0.6–1.4)

Medium 20/59 0.8 (0.7–5.4) 10/24 1.2 (0.5–3.0)

High 15/28 2.6 (1.2–5.4) 3/25 0.3 (0.1–1.6)

(P for trend) P 5 0.05 P 5 0.36

*Adjusted for age, education, income, cigarette smoking, and high-risk occupations.
aThe score weighted by the method of job exposure matrix.
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[Hrubec et al., 1995], but no other cohort studies found
positive associations with exposures related to electrical
workers Törnqvist et al., 1986; Baris et al., 1996].

We do not know if EMF exposure is responsible for the
observed excess pancreatic cancer risk among electrical
workers. EMF exposure has been hypothesized to alter
normal removal or repair of cells with damaged DNA; to
alter nervous system functioning, which influences the effect
of stress or hormone release; and to alter the electrical
concomitants of cellular growth and differentiation [Werthei-
mer and Leeper, 1982]. More recently, it has been suggested
that exposure to EMF may suppress pineal gland production
of melatonin, thereby promoting the occurrence of cancers
[Stevens et al., 1992; Stevens, 1987]. EMF, however, has not
been conclusively linked to any malignancy.

The increased risks for metal workers and toolmakers
among men in our study were consistent with findings from
some previous epidemiologic studies [Milham, 1976; Maru-
chi et al., 1979; Silverstein et al., 1988; Mallin et al., 1989;
Siemiatycki et al., 1991], but not all [Pickle and Gottlieb,
1980; Mack et al., 1985]. Metal workers and toolmakers are
exposed to a variety of potentially carcinogenic agents,
including mineral oil, solvents, and metals [Kauppinen et al.,
1995]. Whether the excesses in risk of glass manufacturers,
potters, painters, and construction workers were related to
exposures to silica dusts, asbestos, or other industrial dusts is
not known [Falk et al., 1990; Milham, 1983]. The elevated
risk seen for plumbing and welding workers may be related
to the exposure to polycyclic aromatic hydrocarbons or other
aromatic amines [Mastrangelo et al., 1996]. An observed
doubling of risk experienced by cooks is consistent with
previous reports of risk in food-related industries [Magnani
et al., 1987; Pietri et al., 1990; Siemiatycki et al., 1991]. We
did not find consistent results for those occupations among
women because of the small number of cases that were in
those occupations.

In the present study, textile workers experienced a 40%
excess among women but not among men due to a lack of
number of observations. Similar findings have been reported
in other epidemiologic studies [Olsen and Jensen, 1987;
Magnani et al., 1987; Pietri et al., 1990; Partanen et al.,
1994]. The latest update on occupational mortality in
Washington State [Milham, 1983] found a threefold increase
in pancreatic cancer mortality in both male and female fabric
workers under age 65, based on 11 cases in this occupational
category. Others have speculated that this excess may be
related to exposure to spinning oils or textile dusts [Falk et
al., 1990]. A marginally significant increase in risk also was
observed for economists and financial planners among
women in our study. Because exposure to recognized
carcinogenic agents is unlikely in these jobs, it is likely that
these increases were due to chance or lifestyle factors.

Like other case-control studies, our study had several
weaknesses. First, a major concern was the small number of

subjects in most occupational groups. Second, recall bias
may have been operating and both differential and non-
differential errors may have occurred. Third, we did not
attempt to validate job histories. Others have found about
70% concordance between reports of usual employment and
company records [Bond et al., 1988]. Fourth, interviews in
39% of cases and 11% controls were assisted by next of kin.
Findings, however, were consistent when the subjects with
next-of-kin interviews were excluded from the analysis.
Fifth, because of the advanced stage at diagnosis, only 57%
of cases had histologic confirmation or surgery, with the
remaining 43% diagnosed by CT scan and/or ultrasound.
Our findings were not affected by the diagnostic status of
cases, however.

In conclusion, this population-based case-control study
of pancreatic cancer in Shanghai suggests that electricians
may have an increased risk. This may be a chance finding or
it may have been due to EMF or other exposures. Further
studies on the relationship between electrical work and
pancreatic cancer risk are warranted. Elevated risks also
were associated with employment as a metal worker;
toolmaker; plumbing and welding worker; and glass former,
potter, painter, and construction worker among men; and
textile worker among women. Additional research is needed
to confirm these findings and to identify the occupational
exposures responsible for the observed elevations in risk of
pancreatic cancer.
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